A systemfor care and maintenanceof the common vampire bat in captivity is reported, which results in easy handling and a thriving breeding colony. A method for anaesthetising bats and collecting saliva is described.
A colony of about 80 vampire bats (Desmodus rotundus) has been successfully maintained in this laboratory for the past ] 8 months. Several authors have previously described the habitat and behaviour of vampire bats, both in the free and captive states (Ditmars & Greenhall, ] 935; Greenhall, ] 965; Wimsatt & Guerriere, 1961) ; therefore this publication will discuss only those methods of laboratory care which we have developed to improve ease of maintenance and handling. 100 bats were collected in Trinidad using mist-netting techniques. The bats were captured at entrances to hollow trees and caves by day, and around tethered animals (usually donkeys) at night. Although only 2 bats died on the journey to England, several others died within the first few days of arrival, probably due to the effects of the journey and the change of environment. On arrival, the bats were heavily infected with ectoparasites, which disappeared without treatment after a few weeks of captivity.
GENERAL PRECAUTIONS
Vampire bats may carry rabies virus, and although the incidence of the disease in bats in Trinidad is known to be very low, it is essential to treat them, wherever the source, as potentially dangerous. The precautions taken with our colony, which is unlikely to be infected, are as follows: the bats are housed in a quarantine room, which may be entered only by persons immunised against rabies; gowns, masks and gloves are worn at all times; all waste materials are sealed in sacks before removal from the room, and autoclaved prior to disposal; the brains of bats which die are removed and examined for rabies virus-results to date have been negative.
Vampire bats from areas in which they are known to carry rabies should only be kept in laboratories specially equipped for the protection of staff from dangerous infectious diseases. ENVIRONMENT The colony of bats is maintained at a constant temperature of 24°C during the day which cools naturally to 21°C at night, and at a constant humidity of 50 per cent.
Lighting is controlled automatically, switching on at 0600 and off at 1800. The bats are kept in semi-darkness by covering the cages during the hours of light, in order to simulate the conditions in the caves in which they live in their natural environment. Originally, the bats were housed in wire mesh cages 60 cm long and 30 cm wide, with 15 to 20 bats per cage, but these cages proved to be unmanageable and extremely difficult to clean. Something smaller, lighter and easier to handle for frequent changing and cleaning was needed.
Translucent polypropylene rat cages 35 X 26 X 17 cm (North Kent Plastic Cages Ltd, Home Gardens, Dartford, Kent) have been adapted for use. New stainless-steel mesh tops were made by the manufacturers which dispensed with the pellet and water hoppers.
A small hole was made in the front of the box and a 'Terry' clip fixed above it to hold the food hopper (see 'Feeding' below).
The polypropylene trays placed under the cages are lined with absorbent, disposable cardboard trays to collect faeces and any spilled blood (Figs 1 & 2). The cages and trays are supported in a tubular steel, double-sided rack, capable of holding 40 such cages, each cage containing 5 bats. Strips of black plastic are laid above the cages to keep out most of the daylight, to simulate the bats' natural environment.
The bats do not attempt to chew at the plastic boxes or the covering sheets. FEEDING Bovine blood is collected from a nearby slaughterhouse in 5 litre containers, each containing 500 ml of 3.8 per cent trisodium citrate to prevent coagulation. This blood is strained through muslin into 500 ml polythene bottles; it can be stored frozen at -20 o e for up to 6 weeks without becoming unpalatable to the bats. The daily requirement for the colony is thawed at 37°C just prior to feeding, which is at 1630h. After 15 months of citrate incorporation in the diet, radiological examination shows no evidence of bone decalcification (Fig. 3) . Fig. 3 . X-ray of adult vampire bat, after 15 months feeding on citra ted blood.
No evidence of bone decalcification.
Bovine blood is readily available from the slaughterhouse; equine blood, although apparently palatable, is unsuitable because the red blood cells sediment very rapidly and block the food hoppers.
Previous feeding methods have usually employed small petri dishes filled with blood placed on the floor of the cages (Ditmars & Greenhall, 1935; Wimsatt & Guerriere, 1961) , although drinking tubes have been used, and the bats can also learn to drink from pipettes (Pye, 1967) . The use of petri dishes requires the withdrawal of each cage from the rack for feeding and subsequent removal of the dish, and exposes the blood to faecal contamination and spillage during feeding. To overcome these difficulties, a 'Flo-matic' seed or water hopper (Thomas's Ltd, Square Road, Halifax, Yorkshire) containing blood is fitted to the front of the cage. The hopper is held by a spring clip (Fig. 1) with the lip protruding into the cage through the small square hole visible in the photograph.
Each hopper contains 100 ml of blood, which is sufficient for 5 bats. This method prevents contamination or wastage of blood.
ROUTiNE MANAGEMENT
Since the method of feeding involves no spillage of blood, It IS necessary to change the cardboard undertrays only twice a week. The cages themselves need to be changed every 2 weeks, since after this period faecal matter builds up on the walls and becomes difficult to remove.
In order to transfer the bats to a new cage, the door openings of the 2 cages are placed together and the bats are driven from their old cage by gentle prodding.
Using this procedure, the risk of escape is minimal.
CLEANING
The soiled cages and trays are soaked in a 1.5 per cent solution of sodium hypochlorite for 24 hours, then scrubbed in a 1 per cent 'Tego' (Hough Hoseason Ltd, Chapel Street, Manchester, 19) solution, after which they are rinsed and dried. This procedure removes all faecal material and also disinfects the cages. HANDLING Some authors (Wimsatt, 1959; Wimsatt & Guerriere, 1961) report success in taming vampire bats, but although our animals are handled frequently, this has never been achieved.
Individual bats can be handled rapidly and easily by the use of forceps, the ends of which are padded with foam rubber to give a good grip and prevent injury to the bats. Holding the bats by the humerus gives adequate control over the animals for the short space of time required to remove individuals from the cages.
In this laboratory our interest is largely concerned with the :fibrinolytic activity of vampire bat saliva. It was therefore necessary to develop a method for obtaining large quantities of saliva with the minimum of discomfort to the bats. As this requires a longer period of restraint. the 'Perspex' unit shown in Figs 4 and 5 was designed.
The bat is placed in the stall with head and forelimbs protruding over the trough (c) . the neck halter (f) is then lowered into position, the lid (e) slipped into the grooves (a & b) and the cover (d) placed over the front. Salivation is stimulated by placing one drop of I per cent pilocarpine nitrate on the buccal mucosa with a plastic dropper pipette. Salivation begins after 2 or 3 minutes. The troughs are surrounded by crushed ice to cool the saliva as it is collected, and thus preserve the enzymic activity.
The method of gripping the bat with forceps gives insufficient control over the animals to enable the operator to place them in the salivation units, since the bats struggle violently against any attempt to force them into the stalls. However, it is very easy to introduce the bats into the stalls if they are anaesthetised for a short time. The caging arrangements are designed to make this a simple procedure.
ANAESTHESIA
The stainless-steel mesh roof of the cage is replaced by a 'Perspex' top with a hole drilled in the centre, just sufficiently large for a rubber pipe to be introduced into the cage. The pipe is connected to a Boyle's apparatus, delivering a mixture of oxygen (2 litres per minute), nitrous oxide (llitre per minute), and fluothane (2.5 units, Fluotec scale). Under these conditions the bats are anaesthetised in 4 to 5 minutes, and they can be gripped easily by the scruff of the neck and arranged in the salivation boxes. They recover from the anaesthetic completely in 3 to 4 minutes; no bats have died as a result of anaesthesia by this method.
BREEDING
Although ours is not a controlled breeding colony, we have reared a small number of young vampire bats. Multiple births have not been recorded.
Soon after the arrival of the colony, some bats were born but died within a few hours of parturition. This may have been due to the effects of the journey on the pregnant females or perhaps to the change of environment. Bats born 6 months to a year after arrival survived until weaning age and then died or, in some instances, were apparently killed by bites about the head and neck. This has also been observed by Wimsatt & Guerriere (1961) and is possibly due to overcrowding and competition for food.
Alt pregnant females are now removed and placed in boxes containing not more than 2 adults. We have managed to rear 3 young bats past weaning age, and 2 more have recently been born.
